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ABSTRACT

The first project report covered the design analysis
demonstrating the realizability of components necessary '
to correct dispersion in cyclic arrays. The second
report covers the design and development of the micro-
wave components required to build an actual system

which demonstrates the theory of prismatic correction

of dispersion. This report shows that prototypes of

all the individual components have been designed and
developed which meet the necessary specifications With

little or no compromise.
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INTRODUCTION

The prismatjc correction of dispersion in phased arrays
wil be icade by the use of a Huygens source array as the
primary feed for a reflecting array. The theory and
analysis of this type correction was given in the first
report of this project and will not be repeated here.

This second report will cover the design and development
of the individual microwav? components required to produce
a system that demonstrates tne theory of pri ...tic cor-

rection.

The system is naturally divided into two parts:
a) a secondary reflecting array.
b) a distributed Huygens source array

as the primary feed.

Each part divides further into subassemblies of basic

microwave components. A discussion of each type

follecws:

BLASS ANTENNA ELECTRONICS CORPORATION




2. RETLECTING ARRAY

The design of the reflecting array requires an aneriure
7 feet wide (E-vlane) by 2R inches high (H-pnlane) by

7 inches deep, made up of sections of rectangular wave-
guide 1.5 inches by 3/4 inches. Each guide element
contains a mechanically variable short circuit phase
shifter, and a matching element. The short circuit is
a simple metal block almost filling the guide in cross
section, with an electrical length of Ag/4 at the
center frequency. A sufficient cap is left between the
block and guide to allow free motion. A spring loaded
ball bearing is built intc the block to lock it at any
desired position in the guide. The shorting block is
made of brass to prevent binding in the aluminum waveguide.

: Measured reflections of the short circuit showed values

to be greater than 40 db, i.e., VSWR > 100:1. This is

i w!!"mlimmm LICNEHE

four times better than t..e minimum acceptable VSWR of 25:1.

A second design problem of the reflecting array is the

matching of the rectangular guide to free space. Since

the true impedance at the guide aperture includes coupling

match would regquire double posts with more critical dimensions;

§ effects to adjacent guides, the matching was done using a

% section of the array, i.e., a center element ringed by one
% layer of .djacent guides. Using a post across the narrow

% dimension of the guide, a maximum VSKR of 1.30 was obtained
% across the band of 5870 to 6405 MC. To achieve a better

BLASS ANTENNA ELECTRONICS CORPORATION




however, because of the large number oY slemwents ia the arrsy
the added expense and construction difficultics woald nct be

justified vhen compared to the s=all VSK'T improve=ment.

The mecharical structure to house all the srray ziemcnts is
a standard mechanical structure typical of phased array

supports, and no new problemas are posed. (See Fig.1}
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b)

Samples of these cast horns have been tested and found
to have identical characteristics to the breadboard units.

(See Fig. 3).

Power Splitters for Horn Matrix {Types IC, 2B Fig.2)

It is required that the four horns of one row operate
from a siggle pcrt, consequently, the power must be

split into four equal lines. This i. done with an
assembly of three power dividers, each of which divides
the power into two equal parts. The fundamental design
problem for the dividers is their inherent mismatch

when all of the terminating lines are of the same impedance.
This is apparent if an equivalent circuit is imagined
where the two output impedances add in series at the iﬁpvc
port resulting in an impedance mismatch of 2:1. A further
design problem was the narrow spacing between output arms
which was fixed by the horn positions required, i.e., four
adjacent horns. Instead of the conventional solution of
A/4 impedance transformers in each cutput arm, a novel
design solution was devised that offered important
advantages in construction. This approach i- based on

an analysis which shows that a reactive iris added at

each junction results in a matched input at any desired
power division; the reactive elements together are a "a"
or "T'" section. This structure reduced, for H-plane equal

power dividers, to a single reactance in the junction area.

BLLASS ANTENNA ELECTRONICS CORPORATION
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Figure 3 - Final Feed Horn Configuration




It was realized physically by a single post across the
narrow guide dimension in the junction region of the

three guides. TL. final VSWR and power division were

1.08 maximuﬁ VSWR with a 3 ¢+ 0.1 db division over i
5885 - 6407 MC band for the Type 2B divider and 1.17 %
maximum VSWR with 3 ¢ 0.1 db division fér the Type 1C

divider. This performance exceeded the originai design

goals of 1.35 maximum VSWR with 3 ¢t 0.25 db division.

_(See Figures 4 and 5)
¢) Couplers

The couplers are used in conjunction with the filters

to divide the system bandwidth irto 12 sub-bands each one
separately phase shifted. The allowable system loss ! é
requires a maximum coupling factor of 16 db, consequently

the design objectives are: coupling 16 ¢ 0.5 db, direc-

tivity 23 db minimum over the band 58835 MC to 6407 MC.

The design solution was a cross guide coupler with cross

ol Gy

type coupling irises; however, a modification is required
because the directivity of this type coupler decreases as
the coupling is made tighter. Thus, a third iris in the
form of a round hoie was added to compensaie for the
decreased directivity. The modified coupler is a hybrid
of a "Moreno'" and a "Round Heole'" cross giuide coupler.*
The complcied design showed 16.15 * 0.37 db coupling and
minimum directivity of 28 db. This exceeded the design
goals for both coupiing variation and minimum directivity.

®Microwave Engineers Harndbook, 1965, Pages 106, 114. |
Hcrizon House :

i BLASS ANTENNA ELECTRONICS CORPORATION
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d) Phase Shifters
The phase shifters are essentially the sai 2 type used

in the reflector array described in Part II. (See Fig.6)

e) Filters
For division of the system bandwidth into 12 channels,
selective filtering in the frrm of 12 band pass
filters is required. The individual filters must
have a bandwidth of 43,5 MC at the 5.5 db points
of their amplitude response with a minimum of pass
band loss which necessitates an in-line, or trans-
mission filter, tightly couplcd to the transmission
line and, therefore, of low 0. The design chosen is a
four stage filter with each stage formed of two inductive
irises (posts) spaced to give a match (100% transmission)
at the resonant frequency*. Four stages are required to
give a rectangular response curve having a wider bandpass
of high transmission efficiency. See Fig.7 and8.
The design goals are 43.5 MC Bandwidth at 5.5 db points,
1 db maximum ripple in pass band, 2 db maximum insertion
loss at center frequency. A single stage bandwidth of
SO0 MC at the 3 db points is required to achieve a four
stage bandwidth of 43.5 MC. Consequently the initial
experiments were designed to determine the post diameters
and spacing for 50 MC bandwidth at any center frequency

in the band 5885 to 6407 MC. Based on the single stage

*Low Q Microwave Filters, Reed, PIRE Vol. 38 No. 7 Jul. 'S0
BLASS ANTENNA ELECTRONICS CORPORATION
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data several for> stage filters were constructed which
were = _ified by “he addition of 2 tuning screw at the

center of each stage. These showed a narrower bandwidth

than £3 S M

- e g

changed center frequency. A third generation design was

-

: the bandwidth psr stage was increased

)
bt 4
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o
"
o
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(14
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L
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t0 Cemrencatle for the narrowing effect. This resulted in
£42.0 ¥C banawidth, 1.0 db ripp.c and 1.65 db insertion
ioss. Since these results compare favoratly with the
design goals, & additionzl filters of this design are being
fgbricated with production methods. One additional problem
éiscevered in the early e periments was the extreme

sensitivity of the design to the method of attaching the
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various methods using screws, pressure,

p2inting and brazing wers tried and it was concluded that

Corporate Feed

The corporate feed is made up of 18 power dividers with

en-oCisgtew iime iemngths. These dividers are of four types

211 of which avre E-pisns dividers. The first is a3 §:1

éivider w3th right angle oulput arms. The second type is
ELECTRONICS CORPORATIOR
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a 1:1 divider also with right angle outou? arms. The
remaining two are 1:1 dividers with in-line output -

arms at prescribed spacing between arms. The physical

and elecirical aifferences require separate designs

for each. The design app-oach is the same given in the
above section Qn power dividers at the horn, i.e.,, iris "="
or "T" matching of 3-port junction. The design objec-
tives for all four types is a maximum VSWR of 1.35 wit. a
maximum variation of power division of ¢t .25 db for each

output. Test results on these units are tabulated below:

Type Coupling (db) Maximum VSWR
Arm 1 Arm 2 At Input

4:1 1:0.1 7:0.2 1.15

1:1 3:0.1 3:0.1 1.12

IB 3:¢0.1 3:0.1 1.12

IA 3:0.1 3:0.1 1.16

Comparison of the table with the design goals shows

all pnits to be well within specifications.
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CONCLUSTONS AND FUTURE WORK

This report has delineated the nroblems involved

in the development, design and test of microwave
comoonents for the prismatic correction system

with solution of each problem. The results

achieved {have been well within the design objectives.
Thus, except for the filters, the microwave compe-
nent design has been successfully completed. In
addition, the #ilter breadboard design is completed
and fabr%tation of prototypes is in process. Final

filter delsign is well within grasp.

The next quarter's wovk will be concerned mainly with
the fabrication of the larger quantities full svstem
compcnents. Testing of sub-assemblies will be
performeq to assure the final integration of all the
rarts. This testing will include pattern testing

of the horns and feeds, calibration of the filters

for the required bands, and testing of the untenna range

and the reflector array.
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